
UNCLASSIFIED
111cukrv CLASSIFICATION OF THIS5 PAGE 8* lb3 7 1

REPORT DOCUMENTATION PAGE
Ia. REPORT SECURITY CLASSIFICATION lb. RESTRICTIVE MARKINGS

F2.SECURITrY CLASSIFICATION AUTHORITY 3. DISTRIBUTION/AvALMbiuTY OF REPORT

2b. DECLASSIFICATION /DOWNGRADING SCHEDULE Approved for public release;
distribution unimited.

4. PERFORMING ORGANIZATION REPORT NUMBER(S) 5. MONITORING ORGANIZATION REPORT NUMBER(S)

6a. NAME OF PERFORMIN9 01R(I4ANIZATION 6b. OFFICE SYMBOL 7a. NAME OF MONITORING ORGANIZATION1 (Nf appilcablo)
University of Rochester j_ ______ U. S. Army Research Office

6c. ADDRE SS (City, State, anM ZIP Code) 7b. ADDRESS (City, State, and ZIP Code)
The Insitute of Optics P. 0. BoA 12211
Rochester, NY 14627 Research Triangle Park, NC 27709-2211

go. NAME OF FUNDINGI/SPONSORING 6b FKESYMBOL 9. PROCUREMENT INSTRUMENT IOENTIFICATION NUMBER
ORGANIZATION IOf appabil)
U. S. Army Research Office ________ ,4ieo3-8 6 I-<-ilS1

6c. ADDRESS (City, State, anid ZIP Code) 10. SOURCE 0; FUNDING NUMIIIERS

P. 0. Box 12211 PROGRAM (PROJECT TASK WORK UNIT

Research Triangle Park, NC 27709-2211 EMNTO.INON. asoN.

111. TITLE (Include Security Qassiflcation)

optoelectrinic Workshops II : Automatic Pattern Recognition

12. PERSONAL AUTHOR(S)
Nicholas George, University of Rochester; and Mark Norton, NVEOC

13a. TYPE OF REPORT 113b. TIME COVERED 114. DATE OF REPORT .aotia)h.PG OUNT
Interim Technical IFROM _____TO ____I April 7, 1988 nto = 7

16. SUPPLEMENTARY NOTATION The view, opinions and/or findings contained in this report are those

of he-authgr(g),and sb uld not be const pd as an fficial D artment of the Army position

17. COSATI CODES 1S. SUBJECT TERMS (Conlnue on r If necezsavy and itlentifr by block number)
-FIELD GROUP SUB-GROUP Workshop: automatic pattern recognition

19. AB TRACT. (Continue on reverse If necenary and iclentify by block number)

This workshop on "Automatic Pattern Recognition# represents the second of a series of
intensive academic/ government interactions in the field of advanced electro-optics, as
part of the Army sponsored University Research Initiative. By documenting the associated
technology stat-is and dialogue it is hoped that this baseline will serve all interested
parties towards providing a solution to high priority Army requirements. Responsible for
program and program execution are Dr. Nicholas George, University of Rochester (ARO-
URI) and Dr. Rudy Buser, NVEOC.

20. DISTRIBUJTION /AVAILAILITY OF ABSTRACT 21. ABSTRACT SECURITY CLASSIFICATION
OUNCLASSIFIEDJUNLIMITED 03 SAMS AS RPT. C3 OTIC USERS Unclassified

22a. NAME OF RESPONSIBLE INDIVIDUAL I22b. TELEPHONE (include Am&a 22e IZc. OFFICE SYMBOL
Nicholas George 1(716) 275-2417 1

DD FORM 1473, e4 MAR 63 APR edition may be used until exhousted. SECURITY CLASSIFICATION OF THIS PAGE
All other qtions are obsolete. UNCLASSIFIED



The Center for Night Vision and Electro-Optics

OPTOELECTRONIC WORKSHOPS

II

AUTOMATIC PATTERN RECOGNITION

Accesion For

NTIS CRAMI

APRIL 7, 1988 DTIC TAB []
Unan,10o:;1cci L

BNSPECTEO By ----..........-6Dis t: ;b.;.Y /'':,

!Av, .: q or

Dist

sponsored jointly by _____

ARO-URI Center for Opto-Electronic Systems Research
The Institute of Optics, University of Rochester



OPTOELECTRONIC WORKSHOP

ON

AUTOMATIC PATTERN RECOGNITION

Organizer: ARO-URI-University of Rochester
and Center for Night Vision and Electro-Optics

1. INTRODUCTION

2. SUMMARY-- INCLUDING FOLLOW-UP

3. VIEWGRAPH PRESENTATIONS

A. Center for Opto-Electronic Systems Research
Organizer-- Nicholas George

Image Science -- Overview
Nicholas George

Diffraction Pattern Sampling
Dennis Venable

Image Retrieval
Robert Rolleston

B. Center for Night Vision and Electro-Optics
Organizer-- Mark Norton

4. LIST OF REFERENCES

S. LIST OF ATTENDEES

6. DISTRIBUTION



1. INTRODUCTION

This workshop on "Automatic Pattern Recognition" represents the second of
a series of intensive academic/ government interactions in the field of
advanced electro-optics, as part of the Army sponsored University Research
Initiative. By documenting the associated technology status and dialogue it is
hoped that this baseline will serve all interested parties towards providing a
solution to high priority Army requirements. Responsible for program and
program execution are Dr. Nicholas George, University of Rochester (ARO-
URI) and Dr. Rudy Buser, NVEOC.



2. SUMMARY -- INCLUDING FOLLOW-UP

University of Rochester: The workshop group consisted of Professor Nicholas
George, Dr. Thomas Stone, Dr. Robert Rolleston (graduated this year - 1988)
and Dennis Venable, planning to graduate in 1989.

The main points of briefings by George, Rolleston, and Venable are as
follows:

a. In pattern recognition that is pixal intensive, there is considerable
merit in optical preprocessing or a parallel channel of processing
that works at high rate coupling in auxiliary data to a more
conventional all-digital system. Examples are optical transforms in
white light (cosine, sine, Hartley, or Fourier), direct correlation
schemes as by Morris at UR, and the neural network models that
provide high-speed, parallel computation and are being studied at
numerous laboratories.

b. Various light valve schemes are getting better and better; and as
they do it is worthwhile considering coherent diffraction pattern
sampling. Some recent classifications or :,rtings were described.

c. Image retrieval was described including recent work of Rolleston
on Fresnel-zone retrieval.

Imaging of the type simulating current Army objectives in pattern
recognition were shown by the Army scientists. There were discussions about
UR being able to access these images for test purposes, and we should follow-
up on this.
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DIFFRACTION PATTERN SAMPLING
HYBRID OPTO-ELECTRONIC SYSTEM

* EFFECTIVE: LASER & SMOOTH INPUT

F F/

SDIGITAL

COLLIMATORMOBJEC

PATTERN RECOGNITION

PARTICULATE ANALYSIS

IMAGE QUALITY OUTPUT

NEEDLE SHARPNESS,...

INEFFECTIVE: NORMAL ILLUMINATIO''AND ROUGH
OBJECTS
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MATCHED FILTERING IN NATURAL ILLUMINATION
Nicholas George

Shen-ge Wang

* RECENT ACCOMPLISHMENT*

MINICOMPUTER

DOUBLE - IMAGING d-7f
SYSTEM

L1 4 '. DETECTOR ARRAY
L2

S. WANG AND N. GEORGE, NCORRELATION AND IMAGE RECONSTRUCTION".

JOSA (A) 2, P. 14 (1985).
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HOLOGRAPHIC OPTICAL ELEMENTS
NOVEL CONCEPT (1987)+

BROADBAND ACHROMATIC PHASE SHIFTER

ELECTRONICS. tWOBBLE
X2

x111x2  x11rX2

E l E l e PipA CNoTe

'+ Patent Applied For, N. George and T. Stone (1987).
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IMAGE SCIENCE
SPATIALLY INCOHERENT ILLUMINATION

MATCHED FILTERING
ACHROMATIC FOURIER TRANSFORM

LIGHT VALVE

DIFFRACTION PATTERN SAMPLING
OPTICAL TRANSFORM -

INTENSITY BASED
LIGHT VALVE

IMAGE RECOVERY
NON-LINEAR CRYSTAL
PHASE CONJUGATION =

INTENSITY BASED
DIGITAL TECHNIQUE
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AUTOMATIC

PATTERN RECOGNITION

AND

D IFRACTION PATTERN

SAMPLING

The Institute of Optics

The University of Rochester



CD

0

z
Z

Cl)

Co E
CoW D

LLJ 0

Ill < -

E
F o __ 00 Co C

w < m___

4t 0 0

coo

C a) M



DIE~ E,.o

I.-

J -
5

CC

00E

o oI
W l I II

Hil



0 )
C 0

0 cu
"0
OE

00

*-'-

0~ *3.-

a)f



_ I I I I I I I I I I 1i
I I I

see.:: .

*IiBDIl O L~~ 
0*. 

l llP ~ B ';::::Meli~ 6ii .*RON .a
-"' "" ]r :" "."- I - 0

r- . ,
... n . * o

uc

0- 0."_

Cu 0!

0
o00 II

00

0
Cl) fn

0lC

Cu S



Ui.
Cl) V

rA

0 U 4+

oCU 0E2.24
E04

Om 0 4E

00)

- E

2 5

C-S
.LJ~f2coE

= S3Cc-

(.cc c
=.S Vl

'9 'E

(pezIuw~N ou JOMd ow



0

:EE

CD
cm

E I c

> CD)
E .

C- 0

ft § 0

E b- .

0; m
_ _ _ _ _ _ _ __M.-00

0 00

= 0

E C

0 c CLcc
a- - <.

0 .'i 2(

CL
>1~~ E ~ ~~

0)0

,0 a0 zfl



01
~4

CL 0

E C

C

00

E E

CL E s 00
2 0) %- 0) (

10 E
0- 0l 0

0) E
0 Cu a: Cur

0~ 10 05

0C0L
0 C.

02

SCCD

0 '8 CL

.0cz
E-



'5

CUt CuO .

CC

cc CO

C C

~).

:0.

Ul)

0 00

cz 0 w0C
u- E0.

0 00

'-u C
0U 0u u



CC

C~C 0 (0

S0
+L

_n c, cm (Dc

-l

vC +

M' CJl 0 N~ a) in rCV) U) w CV) CV) CV)

V- M - - - - E *. )

t C') InW

W2 0

C4J C') aI (

--. ~ .



'urn

'usi

00

W*~ Ub -

LL 

inu



wo-

0-0

cn ~ ~ -. go -

0. 
Z

0 ' 0zO M' 0.

0

CU



CD CM

-SC

c C

cl-

0

C
cm

06

* cma



LL LL C

.0

w

o 0

0 CU

Ct C '3

0

C .O

.0 io cc C



C0)a
CC

E) IxU

ca

w0 0

0 E 0 EE -6

-) 8C)0 0 C

_ 0 L

40 0 aC
Q) 0 0 O

CL E EC. go CCU
E 0 0 0

o00
Q



CLC

CLC

Ez

U w

S

0 z E

Lo

,0t

II

--6

Z .0 0 .

e m ooo oo

Is0E z
8

c~a)
E z .



E
cc

C.C

CF,

0 0

x E

CL U
03,

E C

E 59I

LE

EE - S

E go 0,0

V F

CU wciH



SL
(A
CL

I--

I>

m0

oLLm

Vw

0

I-.

z
'a



Image Recovery

Rob Rolleston

The Institute of Optics

University of Rochester



Image Recovery

Given only partial information about
an image and the transform, Is it
possible to recover (or reconstruct) the
unknown image ?



Computer Aided Tomography:

Given the Fourier spectrum only in a wedge shaped

region, it is possible to fill in the missing portion of

the spectrum and thus recover the unknown image.
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History

1892 A. A. Michelson and Lord Raliegh

* visibility fringes

1965 Walther; Wolf

* analytic properties of functions

1974 Napier and Bates

* 2-D Polynomials

1971 Gerchberg and Saxton

* iterate between two planes

1982 Youla and Webb

* convex projections



* Fourier Transform

GYfXI fy) =ffg(x, Y) exp(-i2n(xfx + yfy)) dx dy

g(x, y) =ffG(fxp fy)expj + i2n(xfx + yfy)} dfx dfy

Polar Form

Magnitude: jG(fxrfy)l = [G(fxrfy)G*(fxrfy)]+

Phase:

cos[D~f, fy] = RE[G(fx, fy)J
cos[Dfx, f)] = G(fxv fy)j

sin [0(fx, fy)] = IfGff)
IG(fx,r fy)I
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FRESNEL-ZONE TRANSFORM PAIR

G(fx, fy) =ffg(x, y) K(x,y; fx,fy) dx dy

g(x, y) = JJG(fx, fy) K*(xoy; fxofy) dfxdfy

Transform Kernel

K(xy;fxfy) = exp{-ina i (x2 + y2) - i2n(fxx + fyy))

Offset parameter

a = (1 - di / F) (AF)

Number of Fresnel Zones

ZF= [ 1 (Xmax)2/ 2
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MAGNITUDE-ONLY RECONSTRUCTION

Given Magnitude of Fresnel-zone Transform

I G (fxo fy) I

and constraints on g(x,y)

g(x, y) is real

g(x, y) is non-negative

g(x, y) has a known size

Find: expfiqt(fx, fy)) and g(x, y)



" -"current guess: gp
*I I

Initial random guess: goI I
I 1, *

Ix exp{-in C(x2 + y2)1

I FFT
1

, Impose known magnitude information

IFF

II Impose Picture constraints
I $
L- -. --...... new guess: g+,

Iterative Technique of Image
Reconstruction from Magnitude Information



Original Image
256 x 256 Pixels

256 Gray Levels



(a) ZF 3O0 () ZF 8O 0

Given Mantd Dat
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PHASE-ONLY RECONSTRUCTION

Given Phase of Fresnel-zone Transform

exp{ i0p(f., fy)}

and constraints on g(x. y)

g(x, y) is real

g(x, y) is non-negative

g(x, y) has a known size

Find: IG(fx, fy'i 3nd g(x, y)



- - current guess: gp

Initial random guess: go

X exp(.ina(x2 + *2))Ig

I

Impose known phase information

Impose Picture constraints+ 1,
lIn__ . --wmi new guess: gp 1

Iterative Technique of Image
Reconstruction from Phase Information
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* -:

(a) ZF 0= b F0.

(C) Z 3.0(b) ZF 80

Phase-only Recostrution



Conclusions:

* Image recovery from partial Fresnel-zone

information has been demonstrated.

* Phase-only reconstructions have a slight

degradation when moving out of the Fourier

plane and into the Fresnel region.

* Magnitude-only reconstructions are greatly

improved when moving out of the Fourier plane

and into the Fresnel region.
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CECOM Tests
Automatic Target Recognizer

The Army reports a significant advance in its development sensor output. As technology develops, the target recognizer
of a new generation of night vision equipment with the will be able to discriminate among friendly and hostile vehi-
completion of tests on an automatic target recognizer cles and aircraft, prioritize targets and direct fire toward the

Test director John Farr of the Army Communications-Elec- highest threat target.
tronics Command (CECOM) Center for Night Vision and Eventually the automatic target recognizer will be
Electro-Optics. Fort Belvoir. VA. said the successful tests pro- mounted on remotely piloted vehicles. With the ability to
duced 14 sets of videotapes of collected imagery. "The data differentiate between live and spurious enemy warheads, the
will be used in the development of night vision equipment automatic target recognizer will help drivers of tanks and
designed to reduce the pilot's workload and the time it takes other land vehicles navigate and lock in on targets.
to find a target." Farr said. The imagery collection effort -involved the ust of a unique

Tests were conducted with a sensor package mounted on night vision system employing a Type I utility helicopter with
the nose of a helicopter. A video screen inside the aircraft a target acquisition designator system.
displayed target objects and the heat the% emanated. The An Army UH- I helicopter was fitted with a nose-mounted
imagery was recorded on high-resolution videotape, support for two high-resolution imaging sensors. The tapes

The objective was to collect continuous 8-5-line imagery have two audio tracks, one carrying verbal instructions, the
of different types of military targets. Four target types were other continuous range information from the primary target
used - tank. armored personnel carrier, truck and high to the target areas.
mobility, multi-wheeled vehicle. More than -O low-altitude The Oregon National Guard provided eight target vehicles
runs were made over two weeks at CECOM's Central Oregon and drivers for the tests. Two M6OA3 tanks, two MI 13
Test and Evaluation Facility, armored personnel carrier,. two ,\13i 2 --ton trucks and two

Using the collected data. engineers will 'teach" the auto- of the Army's new high mobility, multi-whceled vehicles were
matic target recognizer to detect and classify targets from split btmwcen the two target areas a little over six miles apart.

January-Iebruary 1988 Army Researci Development & Acouisitior Bulletin 23
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